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ABSTRACT
The Norfolk canyon and the adjacent slope areas were sampled 
with a 13.7 m. otter trawl in June, 1973; November, 1974; September, 
1975; and January, 1976. Trawl depths ranged from 75-3083 m. 
inclusively. New size records were established for Nezumia aequalis 
(64 mm headlength) and _N. bairdii (66 mm headlength). New Depth 
records were established for Coelorinchus c. carminatus and _N. 
a e q u a l is(884 and 1109 m. , respectively). Coryphaenoides rupestris 
demonstrated seasonal movement to shallower water (ca. 750 m.) during 
winter. _N. bairdii, _N. aequalis, and Coryphaenoides carapinus 
exhibited a significant correlation between increased head length and 
increased depth (r2 = 0.47, 0.37, and 0.35 respectively.). N_. 
bairdii apparently spawns in July or August, and reaches an age of 
approximately 11 yrs. The Von Bertalanffy growth equation for _N. 
bairdii is
1T = 66 [1 - e“0-276 (T+0.16)]#
The known geographic ranges for Coelorinchus caribbeus, C . occa, 
Nezumia cyrano, Coryphaenoides colon, Hymenocephalus gracilis, H. 
iralicus, Bathygadus macrops, Macrourus berglax, and Gadomus dispar
were extended to the Norfolk Canyon area.
ABUNDANCE AND DISTRIBUTION OF 
THE FAMILY MACROURIDAE IN THE NORFOLK CANYON AREA
INTRODUCTION
The macrourids, a family of gadiform fishes, include some of the 
most abundant archibenthic deep-sea fishes (Marshall, 1965; Marshall, 
1971; Marshall and Iwamoto, 1973; Iwamoto and Stein, 1974).
Macrourids attain their greatest abundance and diversity on the 
continental slopes of the world oceans (Marshall and Iwamoto; 1973). 
Present knowledge of the life history and ecology of macrourids has 
been accrued piecemeal from fauna1 lists and taxonomic works 
(Gunnerus, 1765; Gunther, 1887; Gilbert and Hubbs, 1920; Farron,
1924; Iwamoto, 1970; Okamura, 1970; Marshall and Iwamoto, 1973; 
Iwamoto and Stein, 1974), or from studies on physiology, anatomy, and 
life history (Kulikova, 1957; Marshall, 1965; Phleger, 1971; Rannou, 
1975; Rannou and Thiriot-Quiereax, 1975; Haedrich and Polloni, 1976; 
McLellan, 1977; Merrett, 1978; Smith, 1978). With the advent of 
increasing expertise in deep water trawling some macrourid species, 
such as Coryphaenoides rupestris and Macrourus berglax, have become 
commercially important in the western North Atlantic. Experimental 
commercial trawling was initiated by the Soviet Union in 1962 and 
many studies directly related to the commercial fishing of macrourids 
have been subsequently published by Soviet workers (Podrazhanskaya, 
1967, 1971; Savvatimskii, 1971, 1972; Grigor’ev, 1972) and to a 
lesser extent by Polish researchers (Stanek, 1971; Nodzinski and 
Zukowski, 1971).
1
2The aim of the present study is to provide a comparative account 
of the bionomics of the six most abundant species of macrourids found 
off the mid-Atlantic Coast of the United States, including 
Coelorinchus C^. carminatus, Nezumia aequalis, Nezumia bairdii, 
Coryphaenoides rupestris, carapinus, and C^ armatus.
MATERIALS AND METHODS
Gear
The data presented in this paper were obtained on four cruises 
to Norfolk Canyon and the adjacent open slope to the south (Fig. 1) 
conducted on the R/V Columbus Iselin (June, 1973) and R/V James M. 
Gilliss (Nov., 1974; Sept. 1975; Jan. 1976). On all cruises a 13.7 m 
semi-ballon otter trawl with 1.3 cm (stretched) mesh in the cod end 
liner and 5.1 cm (stretched) mesh in the wings and body was employed. 
Steel "china V" doors at the end of 22.9 m bridles were used to 
permit spreading of the net from a single warp (Musick et al, 1975).
Sampling Design
Norfolk Canyon and an adjacent open slope were stratified into 
five sampling strata enclosed by the following isobaths: 75-149 m,
150-399 m, 400-999 m, 1000-1999 m, and 2000-2999 m. Six stations 
(three day and three night) were then randomly assigned in each depth 
stratum. The duration of all tows in depths of less than 2000 m was 
0.5 hours (bottom time). Where the depth exceeded 2000 m, the tow 
times were extended to one hour. Station depth was determined from a 
sonic precision depth recorder when the net was set and then every 3 
minutes for the duration of the 0.5 hour tows (every 6 minutes for 
the one-hour tows). Mean station depth was then determined by 
averaging the 11 resultant values.
3
4Figure 1. Map of the Norfolk Canyon study area.
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5Data Collection
All macrourids collected were worked up immediately after 
capture. Head lengths instead of total lengths were measured since 
macrourids have a slender whip-like tail that is damaged easily 
during trawling. The head length, to the closest mm, was measured 
from the tip of the snout to the posterior edge of the opercle using 
Helios dial calipers (Fig. 2a). The fish were weighed with an Ohaus 
dial-a-gram scale. Calibration showed the scale to be accurate 
within 1.0 to 1.5 grams under all typical shipboard conditions.
The sex and gonadal condition of freshly captured specimens was 
noted. Representative gonad samples ware taken for histological 
processing and stored in Davidsons preservative. These were later 
mounted using standard paraffin techniques, and 5 micron sections 
were taken and stained with Mayer's hematoxylin and eosin 
counterstain.
The saccular otoliths and a scale sample were then removed from 
all Nezumia bairdii, and stored dry. In the laboratory the otoliths 
were washed in ethanol to remove any bits of tissue or dry endolymph 
which had adhered to them. Representative otolith samples were 
chosen randomly from individuals over the entire size range of fish 
captured. These otoliths were measured with an occular micrometer 
and a dissecting microscope along the two planes indicated in Figure 
2b and weighed using an Ainsworth precision balance. The averaged 
weight of the two otoliths from each specimen was recorded and used 
for further analysis.
6Figure 2a. Diagram of the head length measurement,, 
Figure 2b. Diagram of the otolith inessuremcmt axes.
Nucleus
7Length-Weight Relationships
The length-weight relationships for Nezumia bairdii, 
Coryphaenoides rupestris, and armatus were analyzed. The logs of 
the weights were regressed against head length and the regression 
lines were graphed (Fig. 3).
Average head length versus depth
Graphs were made of head length versus depth for each species 
and for each cruise. The head lengths of the fish were divided into 
two mm classes with the head length being the independent variable 
and the depth being the dependent variable. A regression of head 
length on depth was performed for each species to determine any 
significant change in head length with change in depth. Testing of 
the hypothesis that the slope = 0 for the regression line ascertained 
whether there was a significant change of size with changing depth. 
The coefficient of determination was also calculated to determine 
what percent of the variance of head length could be attributed to 
change in depth.
The a posteriori Student-Newman-Keuls analysis of means was used 
as a second method used for interpreting the size and depth 
relationship. This method calculated the mean depth of capture of 
each head length interval, combined the head lengths in subsets whose 
mean depths did not differ significantly from each other, and defined 
the constitutents of each subset.
8Figure 3 The log (wt) versus head length regressions for Nezumia 
bairdii, Coryphaenoides armatus, and Coryphaenoides 
rupestris.
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Ageing Techniques
Initially many age determination techniques using otoliths were 
attempted, such as clearing (Niche, pers. comm.), heating in an 
alcohol flame (Christenson, 1964), and grinding to a flat plane 
(MacEachran and Davis, 1970). None of the above methods afforded 
sufficient confidence to permit accurate ageing, because of the large 
size and thickness of the macrourid otoliths. Thin sectioning was 
attempted next and found to be a statisfactory method. Each left 
otolith was placed on a thin cardboard tag and held temporarily in 
place with rubber cement. Crosshairs on each cardboard tag were used 
to uniformly align the otoliths. The otoliths were oriented so that 
the nucleus was bisected by the crosshairs on two axes, the 
dorso-ventral axis and the transverse axis (fig. 2B). An eyedropper 
was used to place melted paraffin around the otolith to maintain it 
in the proper position.
A Buehler slow speed rotary saw, model number 11-1180 was used 
for sectioning. The circular diamond wafering blades used were of 
the 3 in, x .003 in. high density type, obtained from the Norton 
Manufacturing Company (order number me62512). In order that a thin 
section could be taken from the otolith two blades were mounted 
parallel with a round plastic spacer (.010 in.) in between.
Prior to sectioning, an empty tag with crosshairs was placed in 
the holding chuck. Then, using the microtome adjustment on the saw, 
the left-hand blade was lined up to strike the intersection of the 
crosshairs. This procedure assured that one blade would bisect the
10
focus of the otolith, and that a comparison could be made among 
otolith samples.
The thin section from each otolith was placed on a watch glass, 
covered with microscope oil to decrease the glare, placed under a 
disecting microscope with reflected light, and the number of annuli 
were recorded. After all otoliths were sectioned they were 
independently read twice and the number of annuli recorded. If any 
discrepancies in the readings occurred, two other observers were 
asked to read the otoliths. If conflicts persisted the otolith was 
discarded.
Classification of Reproductive Stages
After looking at many macrourid gonads it became apparent that 
they could be separated into seven fairly distinct stages. 
Subsequently, each of the specimens was classified into a 
reproductive stage for analysis. The criteria for these stages were
as follows:
Stage 1 - Early immature
The gonads were immature and no development was evident. The 
reproductive organs were difficult to distinguish within the body 
cavity.
Stage 2 - Immature
The reproductive organs had enlarged slightly. The sex could be 
determined but no vascularization of the ovaries was apparent. The
organs of both sexes had a highly translucent appearance.
11
Stage 3 - Immature
The ovaries were enlarged and vascularization had commenced.
The testes had become discernibly "sausage shaped". The organs of 
both sexes had lost their translucent character.
Stage 4 - Late immature
The reproductive organs of both sexes had attained nearly full 
size. The ovaries were approximately 90% vascularized. The testes 
had enlarged and had become milky white in color.
Stage 5 - Mature
The reproductive organs were developed completely and the 
capability for reproduction was present. Ovaries were fully 
vascularized, and had a granular appearance.
Stage 6 - Ripe
This stage represented an advanced condition of spermatogenesis 
or oogenesis. The oocytes were fully developed in the females and 
the male testes contained the milky-white seminal fluid.
Stage 7 - Spent
The testes and ovaries were spent. The reproductive organs were 
flaccid and apparently recently shed of sperm or eggs.
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Coelorlnchus c_. carmlnatus (Goode) 1880
(J. c_. carminatus is a relatively shallow water macrourid. It 
has been reportedly been taken in depths ranging from 89m to 849m 
(Marshall and Iwamoto, 1973), In the study area this species was 
captured in depths of 210-884m (fig. 26a). Marshall and Iwamoto 
(1973) reported C^. c_. carminatus occurring from Northern Brazil to 
the Grand Banks, but absent in the Bahama Island chain. The largest 
specimen captured in our study had a headlength of 70 mm, while 
Marshall and Iwamoto (1973) reported specimens with headlengths to 73 
mm.
During our study a maximum of 188 individuals and 4 kg of jC. c^. 
carminatus were captured in a 0.5 hr. trawl. This species also 
contributed as much as 34.2% of the number and 27.8% of the biomass 
of benthic fishes captured.
Figure 4 shows the depth distribution of (3. c:. carminatus 
incremented by 2 mm size groups. A slight increase in size with 
increase of depth was apparent. Upon analysis the slopes of the 
regression lines were shown to be significantly different from 0.
The coefficient of determination (r^) values (Table 1), also showed a 
correlation between size and depth. There was some variability 
between cruises, but this can be attributed to sampling artifacts and 
the relatively narrow depth range (674m) of this species.
13
Figure 4. Graph of head length versus depth, by cruise, for
Coelorinchus c^. carminatus. The dot is the mean, the 
rectangle is the 95% confidence interval, and the lines 
enclose the range. N = the number of specimens and T = 
the number of trawls.
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Table 1. The coefficient of determination (r^) values for the change 
in headlength with change in depth regresssion lines, for 
Coelorinchus j~. carminatus, Nezumia aequalis, Nezumia 
bairdii, Coryphaenoides rupestris, Coryphaenoides carapinus
and Coryphaenoides armatus.
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The analysis of variance showed a significant difference in mean 
depths of the head length groups (F=35.9, F(table; a=0.01) = 1.79). 
The Student-Newman-Keuls test divided the head lengths into two 
significantly different subsets. One included head lengths of 10-50 
mm and the other contained the head lengths 51-70 mm.
Whereas other macrourids (1J. bairdii and _N. aequalis) had a high 
biomass but low numerical abundance at the deep end of their ranges, 
indicating the presence of a few large specimens there, such was not 
the case for c_. carminatus (fig. 5). The occurrence of this
phenomena can be masked in two basic ways. First, if a migration 
occurs from shallow to deep water, and the data are pooled among 
seasons, the graph would show that the number and biomass maintain a 
relatively consistent level throughout the range. The data in fig. 5 
were plotted by season and showed that this was not the case for 
C. c. carminatus. Second, if the larger members of the population 
traverse the entire range, the biomass of the species would be 
elevated at the shallower depths so that a consistently high biomass 
level is present throughout the depth range. Comparison of fig. 4 
with fig. 5 shows that this was probably the case for _C. _c. 
carminatus. Although the mean depth of this species increased with 
head length, apparently the larger fish occurred over the entire 
depth range.
The temperatures at which C^. c_. carminatus were captured varied 
from 4.3 to 11.3°C (Fig. 26A). The modal temperature only ranged 
from 7.4 to 9.0°C.
16
Figure 5 The distribution of log transformed [log (xrll)] abundance 
and weight of Coelorinchus c_. carminatus at each station, 
plotted against depth.
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Nezumia aequalis (Gunther) 1878
Nezumia aequalis is a closely related congener of N^ _ bairdil and 
is found primarily south of the study area (Marshall and Iwamoto, 
1973). N. aequalis attains a head length of at least 53 mm and has a 
depth distribution of 200-1000 m. Its geographic range is listed as 
from the Faroe bank to northern Angola in the eastern Atlantic, the 
Mediterranean, and from the Davis Straits to northern Brazil in the 
western Atlantic (Marshall & Iwamoto, 1973).
In the Norfolk Canyon area the depth of capture of Nj_ aequalis 
was from 330-1109 m. The greatest number in a trawl was 40 in 
November of 1974 and the highest biomass per trawl was 300 g in 
September of 1975. aequalis comprised up to 8.9% of a trawl by
number and 3.1% by weight. The analysis of variance of the mean 
depths of the head length groups gave an F value of 3.32 (F(table; a= 
0.01) = 2.11). The Student-Newman-Keuls analysis showed only one 
subset, probably because of the low sample size. Examination of 
Figure 6 suggests head length increased with depth, and the slope of 
the line was significantly different from 0.
During the study few mature N_^  aequalis were captured although 
its bathymetric range was extensively sampled. Albeit the largest 
specimen captured was 64 mm (head length) most were smaller than 
37 mm. These two findings in conjunction with the low number of fish 
captured lead to the hypothesis that the N_. aequalis in the Norfolk 
Canyon area may be expatriated from the populations in the Gulf of 
Mexico and the Caribbean Sea.
18
Figure 6. Graph of head length versus depth, by cruise, for Nezumia 
aequalis. The dot is the mean, the rectangle is the 95% 
confidence interval, and the lines enclose the range,
N = the number of sepcimens and T = the number of trawls.
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N. aequalis was represented by low numbers of large individuals 
at the deeper end of their range. Although the sample size for this 
species was low this can be observed in Fig. 7.
The temperature range of tl. aequalis captured in the Norfolk 
Canyon area was from 4.3 to 8.0°C (Fig. 26C). The modal temperature 
varied from 4.5 to 6.2°C.
Evidence was not available to determine why adult J>J. aequalis 
were not more abundant in the Norfolk Canyon area. Since N. aequalis 
was found within the depth and temperature range of the closely 
related congener N_. bairdii, competitive exclusion may be a factor.
20
Figure 7 The distribution of log transformed [log (x+1)] abundance 
and weight of Nezumia aequalis at each station, plotted 
against depth.
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Nezumia bairdii (Goode & Bean) 1877
Nezumia balrdll is a relatively small macrourid with a 
previously reported headlength of at least 60 mm (Marshall and 
Iwamoto, 1973), During our study the headlengths varied from 12 to 
66 mm with the weight of the largest being 295 gms. Its geographic 
range extends from the straits of Florida north to the Grand Banks 
(Marshall and Iwamoto, 1973). Nezumia bairdii is captured commonly 
between 90-183 m in the northern part of its range, and appears to 
undergo tropical submergence since it is found mostly between 548-731 
m in the southern part of its range. The inclusive depth range is 
90-2285 m (Goode and Bean, 1885; Marshall and Iwamoto, 1973). One 
anomalous catch at a depth of 16.5 m was recorded in Vineyard Sound 
(Bigelow and Schroeder, 1953), but this was most likely a discard 
from a commercial or fishing vessel.
Within the study area the depth of capture ranged from 270-1644 
m. The largest catch in a half hour tow was 76 fish and the greatest 
biomass per half hour tow was 5.7 kgs. Nezumia bairdii comprised up 
to 30% of the demersal fish catch in number and up to 15% of the 
biomass.
In the January plot (Fig. 8) the head lengths increased slightly 
with depth. The regression line of the mean depth of each head 
length class showed a positive slope significantly different than 0. 
By June (Fig. 8) the regression line showed a highly significant 
positive slope and three distinct size groups were evident. The 
first group
22
Figure 8, Graph of head length versus depth, 
bairdii. The dot is the mean, the 
confidence interval, and the lines 
N = the number of specimens and T
by cruise, for Nezumia 
rectangle is the 95% 
enclose the range, 
the number of trawls.
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included those fish with head lengths less than 30 mm the second 
group had head lengths from 30-42 mm, and the third group’s head 
lengths were greater than 43 mm.
Female gonads started to mature at a headlength of approximately 
27 mm while male maturation started at 32 mm. This corresponded well 
with the dividing line between size groups one and two, defined by 
depth distribution. Also, N_. bairdii females and males became fully 
mature at minimum head lengths of 44 and 45 mm respectively (fig. 9). 
This size corresponded with the division between the second and third 
size groups. Thus, the three groups defined by bathymetric 
distribution may reflect maturity stages as well as size differences. 
It appears that the first group consisted of all immature fish and 
that they were not found in deep water in June. The second group 
could be termed the transitional group since it included fish that 
were just starting to mature and those that were well on their way 
developmentally. Since this group included such a diverse spectrum 
of maturity, it encompassed sections of the depth ranges of both the 
immature and mature fish. The last group consisted of all mature 
fish and was not found in water shallower than approximately 600 m in 
June. In September the larger fish had reached their deepest limit 
and immature _N. bairdii were virtually non-existent below 1000 m. By 
November (Fig. 8) the larger fish were returning to shallower water 
to complete what appeared to be a seasonal migration cycle.
24
Figure 9. The Gonadal maturity stages plotted against head length 
for Nezumia bairdii.
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Histological preparations of the gonads showed that the only 
spent JN. bairdii were captured on the September cruise. Although no 
ripe fish were caught on any cruise these spent fish would tend to 
indicate that tJ. bairdii spawn in July or August. This coincides 
with the time when the mature fish were inhabiting their deepest 
level.
Marshall*s (1965) hypothesis concerning reproduction of certain 
macrourids states that fertilization takes place at the bottom. 
Subsequently the eggs, which are bouyant, develop and hatch on their 
way upward to the seasonal thermocline. The larvae then maintain 
themselves just below the thermocline, in order to take advantage of 
the plankton that tends to accumulate there due to the high density 
gradient. In conjunction with Marshall's hypothesis, the advantages 
of the type of seasonal migration that my data suggest are two-fold. 
First, the migration concentrates the reproductively mature fish in a 
limited area thereby increasing the probability of a sexual 
encounter. Second, it allows additional time for embryo development 
on its journey to the upper layers, and concurrently lessens the 
chance that the egg will travel through the thermocline and be 
removed from the area by the more active surface currents. If these 
suggestions hold true it would be expected that the larvae would 
benefit from the high productivity and warmer temperatures of the 
subsurface waters and would achieve better growth. Then as 
productivity declines in the late fall and the larvae become larger 
they would drop out of the water column to the bottom. Length 
frequencies of N. bairdii (Fig. 10) suggested that recruitment of
26
young occurred between the months of November and January. No small 
_N. bairdii were captured benthically between the proposed deep water 
spawning time and the shallower January recruitment spike.
The larger _N. bairdii occurred deeper than the smaller ones 
(Fig. 11) demonstrating the larger-deeper phenomenon.
The age and growth analysis of N_. bairdii presented many 
problems. Due to the abnormal thickness of the sacculus otolith a 
thin cross-section had to be removed from each otolith. After 
examination of the otolith thin sections two problems became apparent 
immediately. The first was that all of the smaller specimens had two 
hyaline zones. Since the specimens were obtained on the winter 
(January; 76-01) cruise, they all had hyaline zones around the 
perimeter as was expected. There was, however, a well defined 
hyaline zone found in the interior of all the otoliths obtained from 
the smallest fishes available (h.l. _< 27 mm). Subsequently two 
hypotheses were formed; 1) a period of hyaline zone formation (slow 
growth) occurred between June-July (spawning) and January. 2) young 
II. bairdii were not available to our trawl until the second winter 
hyaline zone was forming (age approx. 1.5 yrs.).
The first hypothesis was discarded because a discrete period of 
slow growth within the first six months of life would have no 
apparent selective advantage. It should be noted, however, that 
since the larvae of N_. bairdii were probably pelagic, a changeover 
from planktonic feeding to benthic feeding would have occurred during 
that time. Such an ontogenetic change occurs also in the closely
27
Figure 10. Head length frequency distribution for Nezumia bairdii by 
cruise. The number above each cruise indicates the 
number of specimens.
o
in
*■
_o
_ o
ro
in
36
$O
*
_ o
_ o
CO
cooin
o
in _ o
O
r»-
T
O
U>
~T
o
in
i
o o
ro
jsquunu
T~
O
CVI
TO
28
Figure 11. The distribution of log transformed [log (x+1)] abundance 
and weight of Nezumia bairdii at each station plotted 
against depth.
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related gadid fishes. Musick (1969) described the ontogenetic 
transition for Urophycis chuss and suggested that the transition from 
pelagic to demersal adaptations in morphology and behavior occurred 
within a period of 12 to 24 hrs. This short time span would be 
unlikely to be reflected in macroscopic hyaline band formation. 
Therefore the second hypothesis appeared to be the most likely, and 
led to the conclusion that the juvenile _N. bairdii remained pelagic 
until the second winter and then descended from the water column to 
the bottom where they were captured.
The second major problem was that in the older fish (> 4 yrs.) 
the outer annuli were very difficult to define with any degree of 
confidence. The percentage of unreadable otoliths increased from 
approximately 5% in fish <_ 4 yrs. old to approximately 50% in fish 
> 4 yrs. old. The mean head length of N,. bairdii with four annuli 
was 42.7 mm, the size at the onset of sexual maturity. Growth may 
have slowed down to compensate for the energy needed for 
reproduction, and produced spatially close and confused hyaline 
zones. Therefore spawning checks may have had considerable influence 
on the interpretation of the hyaline zones.
Using the length at age data a Walford growth transformation 
graph was plotted (Beverton and Holt, 1957). Instead of calculating 
an Loo, I used my largest observed specimen (h.l. = 66 mm). The 
estimate of Brody's coefficient (K) obtained from this graph was 
0.276. Using the Walford graph the head lengths for those ages 
greater than four years could be iteratively generated. This method
30
gave a maximum age of approximately 11 years. The von Bertalanffy 
growth equation obtained for length that was obtained is:
lt = 66 (1 - e -0.276(T+0.16))
The only reference available on the age of N_. bairdii was 
Nodzinski and Zukowski (1971). They reported that _N. bairdii from 
240-440 mm (total length) encompassed the ages 3-7 years, a very 
questionable assertion. A Walford plot was done using Nodzinski and 
Zukowski's data, and a rather high Brody growth coefficient (K) of 
0.466 was obtained. Also, their table of _N. bairdii lengths claims 
specimens up to 78-80 cm total length. A regression of head length 
on total length from my data (t.l. = (5.398)(h.l.) - 18.8; r = 0.910) 
indicated that these specimens would have head lengths of 141-145 ram. 
These head length values exceed the previously reported maximum size 
by more than a factor of two. Nodzinski and Zukowski (1971) is a 
NMFS translation from Polish. Thus the cited problems may not be 
with the original work but rather with the subsequent translation.
The length-weight regression for _N. bairdii (Fig. 3) was 
analyzed. The solution of the line for _N. bairdii males was:
log (weight) = 0.038 (head length) + 0.083 
r2 = 0.810
for females it was
log (weight) = 0.035 (head length) + 0.216 
r2 = 0.760
31
In summary, larger N. bairdii were captured deeper and the 
minimum and maximum depths of capture off the mid-Atlantic Coast were 
270 m and 1644 m. The fish seasonally migrated to deeper water with 
the mature fish occurring deeper than immature fish. The males 
matured at a headlength of approximately 45 mm and the females became 
mature at a headlength of 44 mm, Nezumia bairdii probably spawned 
pelagic eggs in July and August and the young apparently remained 
pelagic until the second winter (January), when they first appeared 
in bottom trawls. The maximum age of _N. bairdii was approximately 11 
yrs. The temperature range of N. bairdii was from 3.7 to 10.0°C, 
with the modal temperature only ranging from 4.4 to 5.3°C (Fig. 26B).
3 2
Coryphaenoides rupestris (Gunnerus) 1765
C . rupestris is a large macrourid that reaches a total length of 
approximately 100 cm (Savvatimskii, 1971; Nodzinski and Zukowski, 
1971; Marshall and Iwamoto, 1973), although Podrazhanskaya (1967) 
claimed to have captured specimens up to 170 cm. C. rupestris are 
found on both sides of the North Atlantic. In the eastern North 
Atlantic it ranges from the Trondhjem area to the Bay of Biscay. In 
the western North Atlantic it is reported to occur from the Davis 
Straits to ca. 37°N latitude, (Marshall and Iwamoto, 1973) although 
two specimens (81 and 100 mm H.L.) were captured by Dr. C. Richard 
Robins of Miami University at 23° 29.8-32.0’N and 77°05.5'W. The 
depth distribution of jC. rupestris varies from approximately 180-2200 
m (Leim and Scott, 1966) with highest abundance occurring between 
400-1200 m (Marshall and Iwamoto, 1973).
C. rupestris is not utilized as a food fish in the United 
States, but the German Democratic Republic, the Soviet Union, and 
Poland fish commercially for it in the Western North Atlantic. In 
1968 the Soviets recorded a harvest of thirty thousand tons of C. 
rupestris caught off Labrador, Baffin Island, and Greenland 
(Nodzinski and Zukowski, 1971). The catches of this macrourid 
appeared to increase during the second half of the year as the 
catches of redfish and cod decreased. (Savvatimskii, 1971).
C. rupestris were captured in the Norfolk Canyon area at depths 
of 578 to 1698 m. Savvatimskii (1969) reported that C^. rupestris is 
known to form dense aggregations off the Coast of Labrador. In
33
November of 1974 an anomalous catch of over 6000 jC. rupestris with a 
total weight greater than 1000 kgs was captured in a half hour tow in 
the Norfolk Canyon area. A random subsample of 1000 were examined 
and none were sexually mature. Although the head lengths ranged from 
59-110 mm, the length-frequency curve was strongly unimodal at 76 mm. 
In January, 1976 at 760 meters the largest number of C:. rupestris 
caught in a "normal" half hour tow was 128 fish comprising 39% of the 
individuals. This macrourid catch weighed 23 kgs, and represented 
40% of the biomass of the total catch. The largest biomass per 
"normal" half hour trawl was recorded in January of 1976 at 712 m and 
was 68 kg representing 65% of the total catch by weight. The largest 
specimen had a head length of 155 mm.
The head length distribution by depth and by cruise (Fig. 12) 
suggested a mass movement of . rupestris toward deeper water during 
the summer months, and a reciprocating movement to shallower water in 
the winter. In January, the majority of JC. rupestris were captured 
between 700-800 m, while in June and September there appeared to be a 
movement toward deeper water. By November the depths of capture 
decreased and were similar to those of January the slope of the head 
length-depth regression for (J. rupestris was significantly different 
than 0. There was no apparent seasonal size segregation as was 
evident in Nezumia bairdii. The graph of numerical abundance against 
depth also indicated a general seasonal movement (Fig. 13). Seasonal 
movements have also been shown by Savvatimskii (1971).
34
Figure 12. Graph of head length versus depth, by cruise, for
Coryphaenoides rupestris. The dot is the mean, the 
rectangle is the 95% confidence interval, and the lines 
enclose the range. N = the number of specimens and T = 
the number of trawls.
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Figure 13. Diagram of depth plotted against the log transformed [log 
(x+1)] numerical abundance, by cruise, for Coryphaenoides 
rupestris.
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Females may be mature from approximately 104 mm head length and 
males from 71 mm head length (fig. 14).
Podrazhanskaya (1971) supports Sarkharov and Mokanu*s (1970) 
theory that C. rupestris spawns in Icelandic waters. She states that 
C^ . rupestris may spawn near Iceland and the Iriminger current could 
transport the eggs and larvae to Greenland. From Greenland the 
western branch of the West Greenland current could transport larvae 
to Baffin Island where the Labrador current would move the fish down 
to the Newfoundland banks. When the fish in the Newfoundland area 
attain a size of 40-50 cm total length, they start to migrate back to 
Iceland. Podrazhanskaya gives the modal lengths for C, rupestris in 
each area. The smallest fish were found on the Northern Newfoundland 
bank with a modal total length of 45-47 cm, and the largest were 
around Iceland and had a modal total length of 98-100 cm. The areas 
between Baffin Island and West Greenland had modal lengths of 60-62 
and 78-80 cm, respectively. Analyzing the modal lengths alone it 
appeared that the migration hypothesis presented above could be 
plausible because the size of the fish increased along the proposed 
spawning route. One opponent of this migration hypothesis was 
Grigor'ev (1972) who stated that C^. rupestris probably was not a 
strong swimmer and therefore it was unlikely that it could make this 
extensive migration. Further, he stated that juvenile JS. rupestris 
were evident all along this route and that intermittent metamorphosis 
was doubtful. The latter argument appeared tenuous because it is 
unlikely that 100% of the _C. rupestris larvae would make the transfer
37
Figure 14. The Gonadal maturity stages plotted against head length 
for Coryphaenoides rupestris.
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from the Irminger current, to the West Greenland current and to the 
Labrador current without any being trapped in eddies or 
countercurrent circulation patterns and metamorphosing into juvenile 
fish along the way. The first argument was also tenuous because even 
if JC. rupestris were not a strong swimmer (an unproven contention) a 
massive spawning migration similar to that made by herring or salmon 
is not necessary. Podranskaya1s (1971) modal length data for each 
area in conjunction with Savvitimskii's (1971) age and growth data 
reveals that, the modal length fish on the Newfoundland banks are 
approximately 6 years old, off Baffin Island they are 9-10, around 
Greenland they are 15-16 and at Iceland they are over 20. Allowing 
approximately 900 miles for the trip from the Newfoundland banks to 
Baffin Island this means the fish must cover a distance of only about 
.61 miles daily. The rates needed for the remainder of the trip are 
comparable to the preceeding value. Grigor'ev, in fact, supports the 
migration theory in the main body of his report by saying that his 
coefficient of maturity for fish in Iceland exceeded the maturity 
coefficients of fish caught off Newfoundland and Greenland by one 
order of magnitude. Additionally, the size ranges of his specimens 
in the Northwestern Atlantic were 10-90 cm and 9.5-102 cm, males and 
females respectively, while in Iceland the ranges were 60-105 cm for 
males and 62-115 cm for females. If a spawning migration occurs it 
does not preclude spawning by some members of the population without 
undergoing migration, thereby accounting for the small percentage of 
ripening fish to be found outside of their spawning area.
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If Podrazhanskaya*s migration theory is accepted, some 
interesting speculations can be made. First, the C^. rupestris found 
on the east coast of the U. S. may be derived from the larvae that 
failed to metamorphose by the time that they reached the Newfoundland 
banks and continued to drift southwest. The pre-dominant currents 
move South and West from Newfoundland to Cape Hatteras (Webster,
1969; Worthington, 1964; Gatien, 1976), thereby affording a means of 
transport for unmetamorphosed larvae (Wenner and Musick, 1979). 
Additionally, the modal length for the 7011 . rupestris caught in
the Norfolk Canyon area was 46 cm, exactly that which was found for 
jC. rupestris in the Newfoundland bank area. It should be noted 
however that no small _C. rupestris were captured in the Norfolk 
Canyon area. I examined only two fish with a headlength less than 40 
mm (25 cm TL) and only ten fish with a headlength less than 50 mm 
(30 cm TL).
The regression line for head length against log (weight) (fig.
3) was analyzed. The solution for C_. rupestris males was:
log (weight) = 0.023 (head length) + 0.82 
r2 = 0.898
for females it was:
log (weight) = 0.18 (head length) + 1.16 
r2 = 0.885
Temperatures at which C_. rupestris were captured near Norfolk 
Canyon varied from 3.7°C to 5.7°C (Fig. 26D), but the modal 
temperature range was only from 4.0°C to 5.3°C.
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Fig. 15 doesn’t seem to follow the "larger-fewer-deeper" pattern 
shown for fJ. bairdii. As mentioned for _C. c^. carminatus this 
phenomenon can be masked in two ways. Both types may affect data 
interpretation C^. rupestris because it migrates seasonally (Fig. 13) 
and the larger specimens traverse the entire bathymetric range. (Fig. 
12)
In conclusion, C^. rupestris migrated seasonally to shallower 
water in the fall and early winter. Catch per unit effort increased 
in the fall and winter and a dense aggregation was found in the fall. 
Podrazhanskaya*s spawning and migration theory appears feasible and 
circumstantial evidence upholds it, but further intensive study is 
needed. No ripe, running, or spent fish were captured in the Norfolk 
Canyon area out of 7011 individuals examined. There was a trend for 
the larger C. rupestris to range deeper but not to the degree that 
was found in N_. bairdii. It appears that the distribution of 
rupestris was more closely related to temperature than depth, the 
species being found mostly within the 4-5°C range.
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Figure 15. The distribution of log transformed [log (x+1)] abundance 
and weight of Coryphaenoides rupestris at each station, 
plotted against depth.
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Coryphaenoides carapinus (Goode and Bean) 1883
C_. carapinus is another relatively small macrourid which grows 
to about 390 mm (T.L.), and is found on the lower slope and abyss 
from 1000-3000 m (Haedrich and Polloni, 1976). In the western North 
Atlantic it has been found between Nova Scotia and Cape Hatteras 
(37°N) and in the eastern Atlantic from 50°N to the equator. Cl. 
carapinus has also been reported from the mid-Atlantic ridge 
(Marshall and Iwamoto, 1973).
In the Norfolk Canyon area CJ. carapinus was captured at 
1108-2767 m. The largest number caught in one trawl was 37 and 
weighed 550 g. These were captured in September of 1975 at a depth 
of 1803 m. C^. carapinus comprised up to 23.4% of a catch in number, 
but only 4.3% in biomass. The maximum size captured was 90 mm head 
length.
Coryphaenoides carapinus tended to be larger at the lower end of 
its depth range (Fig. 16). The slope of the regression line for 
headlength with depth was significantly different than 0. The 
coefficient of determination (r^) of the regression line was 0.346. 
This indicated that 34.6% of the change in size could be attributed 
to change in depth. Haedrich and Polloni (1976) obtained a 
correlation coefficient (r) of 0.84 for a regression of mean length 
(snout to anal) versus depth. Their coefficient of determination 
(r^) (which, for a model I regression, is the proper indicator of the 
degree of regression (Sokal and Rohlf, 1969)) would have been 0.706. 
The apparent difference between r^!s was attributable to the use of
Figure 16. Graph of head length versus depth, by cruise, for
Coryphaenoides carapinus. The dot is the mean, the 
rectangle is the 95% confidence interval, and the line 
enclose the range. N = the number of specimens and T 
the number of trawls.
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the mean length (SN-A) versus mean depth of trawl compared to 
individual lengths versus depth. The inherent variability of the 
lengths about the regression line is artificially surpressed by use 
of mean lengths and this enhances the coefficient of determination 
(r^). When my data were analyzed in the manner of Haedrich and 
Polloni an r value of 0.81 and an r^ value of 0.656 were obtained.
The log (# + 1) and log (wt + 1) graphs (fig. 17) display low 
numbers and high variability in the capture of C_. carapinus. The 
phenomenon of fewer, larger fish at the deeper part of the 
bathymetric range was demonstrated, but was obscure due to the high 
variability. There was no clear explanation of this, however the 
relatively small size of C^. carapinus, and contagious distributions, 
probably contributed to this effect.
C_. carapinus was taken from temperatures of 2.5 to 4.2°C. Most 
of the individuals were captured at 3.7-3.9°C (Fig. 26E). Some 
overlap in distribution with depth and temperature occurred among C^. 
carapinus, C^. armatus, and C^. rupestris. But since JC. carapinus is 
small and is mostly a benthic feeder (Haedrich and Polloni, 1976) 
while C^. armatus and J3. rupestris are large and known to forage into 
the water column (Haedrich and Henderson, 1974; Podrazhanskaya, 1971) 
competitive interaction is probably low.
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Figure 17. The distribution of log transformed [log (x+1)] abundance 
and weight of Coryphaenoides carapinus at each station, 
plotted against depth.
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Coryphaenoides armatus (Hector) 1875
C_. armatus is cosmopolitlon in distribution, being found in all 
oceans except the Artie. It is commonly found from 2200-4700 m with 
a few specimens being captured as shallow as 282 m (Marshall and 
Iwamoto, 1973). The larger individuals have been shown to forage off 
the bottom for pelagic prey (Haedrich and Henderson, 1974; Pearcy, 
1976; Smith et al, 1979). C^. armatus is known to attain a size of
165 mm in head length and over 870 mm in total length (Iwamoto and 
Stein, 1974). The largest specimen I examined of 104 mm head length. 
Although JC. armatus is one the deepest living rat-tails it is rather 
well known biologically due to its cosmopolition distribution and 
prevalence in deep water trawls (Haedrich and Henderson, 1974; Pearcy 
and Ambler, 1974; McLellan, 1977; Smith, 1978).
Coryphaenoides armatus was taken in every successful trawl in 
the Norfolk Canyon area from 2100 m to our deepest trawl of 3083 m, 
and was virtually confined to below the 3°C isobath. In a single 
trawl JC. armatus comprised up to 92.7% of the benthopelagic fish 
numbers, and 93.4% of the biomass. In a one hour trawl the maximum 
number captured was 76 and the maximum biomass was 21.2 kg.
No increase in fish size with increased depth was evident in the 
data (fig. 18) (Table 1), and the slope of the regression line for 
head length with depth showed no significantly different from 0. The 
known depth range of J3. armatus was incompletely sampled in
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Figure 18, Graph of head length versus depth, by cruise, for 
Coryphaenoides armatus. The dot is the mean, the 
rectangle is the 95% confidence interval, and the lines 
enclose the range. N = the number of specimens and T = 
the number of trawls.
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this study. Further samples from greater depth may lead to other 
conclusions.
The distribution of numerical abundance and weight with depth 
are shown in Fig. 19. C^. armatus was captured as shallow as 2100 m.
It increased in abundance from that depth to 2600 m, beyond which its 
abundance remained constant. The mean biomass of CJ. armatus in each 
trawl appeared to be fairly constant, indicating that the mean size 
of the fish did not vary greatly between trawls.
The regression lines for headlength against log (weight) were 
analyzed (Fig. 3). The solution for males was:
log (weight) = 0.017 (head length) + 0.956 
r2 = 0.967
for females it was
log (weight) = 0.016 (head length) + 1.029 
r2 = 0.972
The maturity stages of JC. armatus against head lengths are shown 
in fig. 20. No mature males were found, but the females matured at a 
head length of about 78 mm. C^. armatus was captured in temperatures 
ranging from 2.3 to 3.3°C (Fig. 26F). The majority of individuals, 
however, were caught between 2.4 and 2.9°C during the study.
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Figure 19. The distribution of log transformed [log (x+1)] abundance 
and weight of Coryphaenoides armatus at each station, 
plotted against depth.
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Figure 20. The Gonadal maturity stages plotted aginst head length 
for Coryphaenoides armatus.
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Distribution of Macrourids with Temperature
Depth distribution has been commonly used throughout the 
literature to delineate the habitat of various fishes. It would be 
reasonable to assume that temperature might also be an important 
defining variable for species ranges. The temperature ranges for 
each species in this study showed some overlap, but the temperatures 
at which the population modes were found were fairly discrete except 
for Nezumia aequalis, Nezumia bairdii, and Coryphaenoides rupestris 
(figs. 21-23). Close congeners such as Nezumia bairdii and Nezumia 
aequalis might be expected to occupy similar temperature ranges as 
was shown by Figure 25. The _N. aequalis in this area were at the 
northern limit of their range, occurred in small numbers and may have 
been in direct competition with N_. bairdii.
Although jC. rupestris also occupied the lower section of the two 
Nezumia spp. temperature regimes, direct competition was probably low 
because of their dissimilarity in mouth size and morphology and 
related difference in diet (McLellan, 1977; Podrazhanskaya, 1971; 
Geistdoerfer, 1975)).
In Figure 23 the relationship of species with temperature is 
more clearly defined. The minimum temperature of each species 
remained fairly constant as did the maximum and modal temperature for 
those species in which there was no indication of seasonal migratory 
patterns (Coelorinchus carminatus, Coryphaenoides carapinus, C. 
armatus) fig. (23). The 3.5° minimal temperature found for 
Coryphaenoides carapinus in June was probably not accurate since the
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deepest trawl of that cruise did not encompass carapinus1 entire 
range. Similarly the minimal temperatures for Coryphaenoides armatus 
may not be representative.
53
Figure 21. The temperature range for each species, by cruise. The 
dot designates the modal temperature, C.cc. - 
Coelorinelus _C. carminatus, n.b. - Nezumia bairdii, n.a.
- Nezumia aequalis, c.r. - Coryphaenoides rupestris, c.c.
- Coryphaenoides carapinus, c.a. - Coryphaenoides 
armatus.
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Figure 22. Composite graph of the temperature range of each species 
for all four cruises. The dot designates the modal 
temperature, C.cc - Coelorinelus C^. carminatus, n.g. - 
Nezumia bardii, n.a. - Nezumia aequalis, c.r. - 
Coryphaenoides rupestris, c.c. - Coryphaenoides 
carapinus, c.a. - Coryphaenoides armatus.
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Figure 23. Minimum and maximum depth of capture, with minimum, 
maximum, and modal temperatures of capture for each 
species and each cruise.
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Abundance of the Family Macrouridae
In the study area the abundance of macrourids, in water 
shallower than 2000 m, was fairly constant with respect to other 
bottom fishes. The average percent, of macrourids by number, was 
16.6% in 73-10, 15.0% in 70-04, 14.6% in 75-08, and 18% in 76-01. 
There was variability in these compositional averages, but some major 
consistencies were evident (fig. 24). The major peaks were found 
between 300 and 400 meters, where Coelorinchus c . carminatus was 
present, and around 800 meters where the Nezumia aequalis, N. bairdii 
and Coryphaenoides rupestris complex dominated. In depths of over 
2000 m the numerical dominance of Coryphaenoides armatus was evident. 
Some of the minor inflections can be attributed to the contagious 
distributions displayed by these fish species.
The graph of macrourid biomass (fig. 25), as percent of the 
catch, was similar to figure 24 except for a shift in biomass from 
800 m to below 1000 m between January and June. This was probably 
due to the seasonal movement of the large macrourid Coryphaenoides 
rupestris. Secondly between approximately 1400 and 2200 meters 
macrourids made up a very small portion of the biomass, although 
their percent by number was comparable to lesser depths. The 
dominant macrourid in this area, Coryphaenoides carapinus, was small, 
and Antimora rostrata, a large morid, was the most abundant member of 
the benthic fish community from 1300 to 2500 m (Wenner and Musick,
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Figure 24. Depth versus relative abundance (as percent, by number, 
of total capture) for the family Macrouridae, by 
individual cruise.
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Figure 25. Depth versus relative abundance (as percent, by biomass, 
of total capture) for the family Macrouridae, by 
individual cruise.
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1977). In depths greater than 2200 m the biomass of Coryphaenoides 
armatus steeply increased with depth, until it was the predominant 
member of the benthic community.
All the macrourid species, with the exception of C* rupestris, 
maintained a fairly constant numerical distribution from cruise to 
cruise (figs. 26-29). There was apparent variability for C^. 
carapinus and C^. armatus, but this was due to the low number of 
samples at deeper areas. Distribution of macrourids as the percent 
of catch revealed a gradual replacement of species with depth, and 
the predominance of Coryphaenoides armatus in depths greater than 
2500 m (fig. 30).
Macrourids made up a major numerical portion of the benthic fish 
community from 300 m to the deepest station mode at 3083 m.
Macrourids were also a main component of the biomass of the 
communities from 300 to 3083 m, excluding the 1300 to 2500 m range 
where the morid, A. rostrata, dominated.
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Figure 26. Depth versus the log transformed [log (x+1)] numerical
abundance for each species capture during the January
76-01 cruise.
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Figure 27. Depth versus the log transformed [log (x+1)] numerical
abundance for each species capture during the June 73-10 
cruise.
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Figure 28. Depth versus the log transformed [log (x+1)] numerical
abundance for each species capture during the September
75-08 cruise.
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Figure 29. Depth versus the log transformed [log (x+1)] numerical
abundance for each species capture during the November
74-04 cruise.
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Figure 30. Diagram of depth versus numerical abundance (as percent 
of catch) for the six species of macrourids captured on 
the September 75-08 cruise.
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Comparisons with other Studies
Bullis and Struhsaker (1970) found that Macrouridae was one of 
the dominant families on the Western Caribbean slope between 201 and 
400 fathoms (368-732 m). The deepest strata sampled was 451-500 
fathoms (825-914 m) and macrourids (9 species) comprised 
approximately 67% of the individuals captured within these depths. 
Within the same depths in the Norfolk Canyon area the dominant 
macrourids (4 species) contributed approximately 31% to the total 
catch.
The number of macrourid species captured in the Norfolk Canyon 
area was less than what was reported from the Caribbean and Gulf of 
Mexico. Marshall and Iwaomoto (1973) reported 32 known macrourid 
species from the Caribbean and Gulf of Mexico, but only 22 species 
were captured during my study (Table 2).
Day and Pearcy’s (1968) study off the coast of Oregon captured 
only two species of macrourids between the depths of 40 to 1829 m.
The two species included 153 individuals captured in 36 trawls.
Pearcy and Ambler (1974) reported that Macrouridae was the dominant 
family in abundance and biomass between 1400 and 3990 m off the 
Oregon and Washington coasts. The reported capturing 2295 macrourids 
representing five species of the genus Coryphaenoides. The number of 
trawls was not reported.
Iwamoto and Stein (1974) noted 11 species of macrourids which 
were captured in the Northeast Pacific. This number is one-half that
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found in to the Norfolk Canyon area.
Haedrich et al (1975) reported the capture of 121 macrourid 
specimens (3 species) in 29 trawls off of Southern New England.
Their trawl depths ranged from 141 to 1928 m. Their findings were 
similar to those found in the present study within the 350-1100 m 
depth interval. Respectively, the family Macrouridae accounted for 
21% and 22.4% of the fishes captured in this depth interval.
Haedrich and Krefft (1978) studied the fish fauna in the Denmark 
Strait and Irminger Sea. In the five fish assemblages that they 
report, macrourids were abundant in the 2026 2058 m assemblage 
(22.4%) and very dominant in the 763 1503 m (48.3%) and 493 975 m 
(55.4%) assemblages. Macrourids were conspicuously absent from their 
group three assemblages although it was well within the macrourids 
depth and temperature regime (280-776 m, 1.4-7.4°C). An interesting 
aspect of Haedrich and Krefft*s (1978) study was evident in their 
group two assemblage. Coryphaenoides rupestris was the highly 
dominant fish (48.3%) in this group, and the temperature range of 
this group (3.9-5.6°C) corresponded closely to the temperature range 
I found for rupestris in the present study (3.7-5.7°C).
The comparison of this study with others in the North Atlantic 
lends support to Marshall and Iwamoto's (1973) hypothesis that the 
greatest diversity of macrourid fauna is in the tropical regions. The 
number of macrourid species shows a definite decline from the tropical to 
boreal areas. Off the coasts of Washington and Oregon the macrourid diversity 
is anomalously low. This may be due to the high diversity of the scor- 
paenid fishes which may fill many niches that the shallower species 
of macrourids utilize in other areas.
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Table 2. The total number and the total biomass of each of the 22
species of macrourids captured in the Norfolk Canyon area.
SPECIES TOTAL NUMBER TOTAL WEIGHT (gms)
Coelorinchus jc. carminatus 
*Coelorinchus caribbaeus 
*Coelorinchus occa
Nezumia aequalis 
Nezumia bairdii 
+*Nezumia longebarbatus 
Nezumia sclerorhyncus 
*Nezumia cyrano
Coryphaenoides rupestris 
Coryphaenoides carapinus 
Coryphaenoides armatus 
^Coryphaenoides colon 
Coryphaenoides leptolepis
Ventrifossa occidentalis 
Ventrifossa macropogon
*Humenocephalus gracilis 
*Humenocephalus italicus
Bathygadus favosus 
*Bathygadus macrops
+*Sphagemacrurus grenadae
**Macrourus berglax
*Gadomus dispar
1827 38597
10 419
1 2
285 4041
2222 72865
12 1299
1 8
1 —
7120 1229304
213 4703
391 120456
1 20
12 4922
60 1449
1 8
1 1
1 12
2 —
1 22
4 30
2 4470
1 ------
* - Range extension from the Gulf of Mexico - Caribbean area 
+ - Also reported by Haedrich & Polloni (1974)
** - Range extension from Boreal Northwest Atlantic
68
LITERATURE CITED
Beverton, R. J. H. and S. J. Holt. (1957) On the Dynamics of
exploited fish populations. Fishery Invest., Lond, (2) 19:533
pp.
Bigelow, H. B. and W. C. Schroder (1953) Fishes of the Gulf of
Maine. Fishery Bulletin 74 of the Fish and Wildlife Service.
577 pp.
Bullis, H. R., Jr. and P. T. Struhsaker. (1970) Fish fauna of the
Western Caribbean upper slope. Quarterly Journal of the Florida 
Academy of Sciences. 33(l):43-76.
Christensen, J. M. (1964) Burning of otoliths, a technique for age 
determination of soles and other fish. J. Cons. Int. Explor. 
Mer., 29(1) :73-81.
Day, D. S. and W. G. Pearcy (1968) Species associations of benthic 
fishes on the continental shelf and slope off Oregon. J^ Fish. 
Res. Board Can. (25) 2665-2675.
Farron, G. P. (1924) Seventh report on the fishes of the Irish
Atlantic slope. The Macrurid fishes (Coryphaenoididae) Proc.
Roy. Irish Acad., 36 Sect. B.
Gatien, G. M. (1976) A study in the slope water region south of 
Halifax. J. Fish. Res. Board Can. 33:2213-2217.
Geistdoerfer, P. (1975) Ecologie alimentaire des Macrouridae. 
Teleosteens Gadiformes. Dissertation, University of Paris,
315 pp.
Gilbert, C. H. and C. L. Hubbs (1920) The Macrourid fishes on the
Philippine islands and the East Indies. United States National 
Museum bulletin 100, Vol. 1, part F, pp. 369-588.
Goode, G. B. and T. H. Bean (1885) Description of new fishes
obtained by the U.S. fish commission mainly from deep water off 
the Atlantic and Gulf Coast. Proc. U.S. Nat. Mus.
8(37-38):589-605.
Grigor’ev G. V. (1972) Reproduction of Macrurus rupestris (Gunner) 
of the Northern Atlantic FRBC Trans. Series No. 2529 (1973).
Gunnerus, J. E. (1765) Efterretning OM berglaxen, en rar norsk
fishk, som kunde kaldes: Coryphaenoides rupestris. K. norske
uidenskabers selskab skrifter trondhjem, Vol. 3, No. 4, pp.
40-58.
69
Gunther, A. (1887) Report on the deep sea fishes collected by 
H.M.S. Challenger during the years 1873-76. Report on the 
scientific results of the voyage of H.M.S. Challenger during the 
years 1873-76. Zoology. 22:1-335.
Haedrich, R. L. and N. R. Henderson (1974) Pelagic feeding of 
Coryphaenoides armatus, a deep benthic rattail. Deep Sea 
Research (21) 739-744.
Haedrich, R. L. and G. Krefft. (1978) Distribution of bottom
fishes in the Denmark Strait and Irminger Sea. Deep-Sea Res. 
25:705-720.
Haedrich, R. L. and P. T. Polloni (1974) Rarely seen fishes
captured in Hudson Submarine Canyon. J. Fish. Res, Board Can. 
31:231-234.
Haedrich, R. L. and P. T. Polloni (1976) A contribution to the life 
history of a small rattail fish, Coryphaenoides carapinus.
Bull. So. Cal. Acad. Sci. (75) 203-211.
Haedrich, R. L., G. T. Rowe, and P. T. Polloni (1975) Zonation and 
faunal composition of epibenthic populations on the continental 
slope south of New England, J. Mar. Res. 3(2):191-212.
Iwamoto, T. (1970) The R/V "Pillsbury" Deep Sea biological
expedition to the Gulf of Guinea, 164-65(19). Macrourid fishes 
of the Gulf of Guinea. Studies in tropical Oceanography, 
University of Miami, No. 4 (Part 2), pp. 316-431.
Iwamoto, T. and D. L. Stein (1974) A systematic review of the 
rattail fishes (Macrouridae: Gadiformes) from Oregon and
adjacent waters. Occasional papers of the California Academy of 
Sciences, No. 11, 1-79.
Kulikova, E. B. (19570 Growth and age of deep water fishes.
Tr. Inst. Okeanol. Akad. Nauk. SSSR. 1957. 20:347-355.
Transl. by Amer. Inst. Biol. Sci. 284-289.
Marshall, N. B. (1965) Systematic and biological studies of the
Macrourid fishes (Anacanthini - Teleostii). Deep Sea Res. 
12:299-322.
Marshall, N. B. (1971) Explorations in the life of fishes.
Harvard University Press, pp. 1-204.
Marshall, N. B. and T. Iwamoto (1973) Family Macrouridae. In:
Fishes of the western North Atlantic. Memoir, Sears Foundation 
for Marine Research, No. 1, part 6, pp. 496-662.
McEachran, J. D. and J. Davis (1970) Age and growth of the
70
striped sea-robin. Trans. Am. Fish. Soc. 99(2):343-352.
McLellan, T. (1977) Feeding strategies of the Macrourids. Deep 
Sea Research (24)1019-1036.
Merrett, N. R. (1978) On the identity and pelagic occurrance of 
larval fishes (family Macrouridae) from 60°N, 20°W and 53°N, 
20°W. Deep Sea Research (25)147-160.
Musick, J. A. (1969) The comparative Biology of two American
Atlantic hakes, Urophycis chuss and IJ. tenuis (Pisces:Gadidae) 
Ph.D. Thesis, Harvard Univ., Cambridge 150 p.
Musick, J. A., C. A. Wenner, G. R. Sedberry (1975) Archibenthic and 
Abyssobenthic fishes, pp. 229-269. In May 1974 Baseline 
investigations of deep water dumpsite 106 NOAA evaluation. Rep. 
75-1:388 p.
Nodsynski, J. and C. Zukowski (1971) Biological and technological 
characteristics of Grenadier family fishes (Macruridae) of the 
Northwestern Atlantic. Studia I Materially Series D, No. 5 p. 
1-45.
Okamura, 0. (1970) Fauna Japonica. Macrourina (Pisces) Academic 
press of Japan, Tokyo.
Pearcy, W. G. (1976) Pelagic capture of abysso-benthic Macrourid 
fish. Deep Sea Research (23)1065-1066.
Pearcy, W. G. and J. W. Ambler (1974) Food habits of deep sea 
Macrourid fishes off the Oregon coast. Deep Sea Research. 
(21)745-759.
Phleger, G. F. (1971) Biology of Macrourid fishes. Am. Zool. 
(11)419-423.
Podrazhanskaya, S. G. (1967) Feeding of Macrurus rupestris in the 
Iceland area. Annaly biologii (24)197-198.
Podrazhaskaya, S. G. (1971) Feeding and migrations of the roundnose 
grenadier in the Northwest Atlantic and Icelandic waters. Int. 
Comm. Northwest Atl. Fish. Redbook III:115-123.
Rannou, M. (1975) Donnees nouvelles sur l'activite reproductrice 
cyclique des possions benthiques bathyaux et abbyssaux. Acad. 
Sci. Paris, T281, Series D 1023-1025.
Rannou, M. and C. Thiriot - Quiereax (1975) Structure des otolithes 
D’un Macrouridae (poisson Gadiforme) Bathyal. Etude au 
microscope Electronique a Balayage. Ann. Inst. Oceanogr., Paris 
(51):195-201.
71
Savvatimskii, P. I. (1971) Studies of the age and growth of
roundnose grenadier (Macrourus rupestris) in the North Atlantic 
1967-1970. ICNAF Res. Doc. 71/93 pp. 125-138 (1971b)
Savvatimskii, P. I. (1972) The age of the rock grenadier in the
Northwest Atlantic and a possible influence of fisheries on its 
population numbers. Transl. Ser. Fish res. Board can. 2491, 26 
pages.
Smith, K. L. (1978) Metabolism of the Abyssopelagic Rattail
Coryphaenoides armatus measured in situ Nature (274)362-364.
Smith, K. L., G. A. White, M. B. Lover, R. R. McConnaughey and
J. P. Meador (1979) Free vehicle capture of abyssopelagic 
animals. Deep-Sea Res. 26(1A):57-64.
Sokal, R. R. and F. J. Rohlf. (1969) Biometry. W. H. Freeman 
and Company 776 pp.
Stanek, E. (1971) Studies on the fish stocks in the waters off
Labrador and Newfoundland. Fish Res. board Can. Transl. Series 
No. 2754, 1973.
Webster, R. (1969) Vertical profiles of horizontal ocean currents. 
Deep Sea Res. 16:85-98.
Wenner, C. A. and J. A. Musick (1977) Biology of the morid fish
Antimora rostrata in the western North Atlantic. J. Fish. Res. 
Board Can. (34)2362-2368.
Worthington, L. V. (1964) Anomalous conditions in the slope water 
area in 1959. J. Fish. Res, board Can. 21:327-333.
Zakharov, G. P. and I. D. Mokanu (1970) Distribution and biological 
characteristics of Macrourus rupestris of the Davis Strait in 
August-September 1969. Reports of Pinro Marine Expeditionary 
Investigations, 3rd cruise of R/V Perseus III.
72
VITA
ROBERT W. MIDDLETON
Born May 27, 1948, Graduated from Southeastern Massachusetts University 
in May, 1974 with a B.S. in Marine Science. The author started at VIMS 
in September, 1974.
